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Abstract: 21st-century education not only involves aspects of knowledge but also emphasizes aspects
of skills, such as critical thinking skills, creative thinking skills, communication, and collaboration. Creative
thinking skills can be developed through contextual learning activities. One type of contextual learning
is Chem-preneurship-based Project Learning (CBPL). CBPL trains students to be able to creatively design
ideas, make products, design packaging, and do marketing. This study aimed to determine the
effectiveness of the CBPL model. The research method used is descriptive quantitative. The population
in this study were students of the 3rd semester of the department of chemistry. The sample of this study
was 37 students who took Chem-partnership courses. The data analysis used is non-parametric statistical
analysis. The results of the Wilcoxon test on student creativity obtained sig < 0.05, which means there
were differences in student creativity before and after CBPL learning was implemented. The average
score of students' creativity has increased from 58.83 to 82.34.
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INTRODUCTION

Education plays a very important role in life. According to the National Education System
Law, education's role is to form active students who develop spiritual power, self-control,
character, intelligence, noble character, competence, community, nationality, and national
potential. Rahayu and Tisnawati (2014) believe that the education level plays an important role
in determining employment. The higher a person's education, the more likely that person is to
get a suitable job. Open unemployment in Indonesia is very high. Based on data from the
Central Statistics Agency, information was obtained that open unemployment in Indonesia in
August 2023 was 5.32% of the total workforce in August 2023, namely 147.71 million people.
In August 2023, the working population will still be dominated by elementary school graduates
or below (no/never been to school/not finished elementary school/finished elementary school),
namely 36.82 percent. Meanwhile, the working population who graduated from Diploma I/11/1ll
and Diploma IV, Bachelor's, Master's, and Doctoral degrees is in last place, namely 12.76
percent. The detailed Open Unemployment Rate in Indonesia in August 2023 can be seen in
Figure 1.

Based on age group, the Open Unemployment Rate in August 2023 is dominated by the
15-24-year age group, reaching 19.4 percent. Meanwhile, the TPT for the elderly (60 years and
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over) is the lowest, 1.28 percent (Badan Pusat Statistik, 2023). In more detail, the Open
Unemployment Rate by age group can be seen in Figure 2.
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Figure 2. Percentage of TPT by Age Group

Figure 2 implicitly shows that high school and university graduates dominate the Open
Unemployment Rate. Based on the description above, it is not wrong if the government calls
for schools or madrasas to provide 21st-century skills to students. 21st-century skills are high-
er-order thinking skills, deeper learning outcomes, and communication abilities. The goal of
education in the 21st century is to produce human resources that have strong communication
and collaboration skills, are proficient in operating technology, are able to think creatively, and
are critical in solving a problem (Larson & Miller, 2011). Binkley et al. (2012) group 21st-century
education into four things, namely ways of thinking, consisting of creativity and innovation,
critical thinking, problem-solving skills, accuracy in decision making, learning in learning; a way
of working, including communication and cooperation; tools for work, including general
knowledge and skills in using ICT; a way to live that consists of a career and responsibilities.

21st-century education not only involves knowledge but also emphasizes skills such as
creativity, communication, and collaboration (Prayogi & Estetika, 2020). Partnership, 21st
Century Skills, divides 21st-century skills, namely critical thinking, students are expected to be
able to respond critically to knowledge and knowledge and use it for the benefit of humanity;
problem-solving, students can overcome the problems they face in social life; communication,
students can identify and utilize communication tools and techniques to receive and convey
information;) Collaboration: students can cooperate well with anyone to develop their networks.

Entrepreneurship is one of the courses in the UIN Walisongo Chemistry study program,
which can equip students with 21st-century skills. The entrepreneurship course aims for
students to have entrepreneurial abilities and skills in the field of chemistry as required by the
21st-century learning objectives. The aim of this excellent course must be supported by good
learning stages as well. Based on the results of observations, information was obtained that (a)
the chem-preneurship lecture process had been implemented well, namely by combining
several learning models/methods; (b) The learning model used in entrepreneurship courses is
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Chem-preneurship Based Project Learning (CBPL), where students work in groups in planning,
making, and marketing chemical-based entrepreneurial products, (c) Measurement of learning
outcomes is only seen based on cognitive value, and the value of the product being used. De-
veloped, and (d) students' creative thinking skills measurements have never been carried out.

On the other hand, many natural resources have not been utilized optimally, such as banana
tree trunk waste. Ripe bananas are usually only taken from the fruit, while the stems are cut
down and thrown into the river, which causes blockage in the river flow. If left lying around in
the fields/rice fields, it can cause an unpleasant odor in the surrounding area. Therefore, banana
stems/tubes can be used in making snacks, such as chips, or as an additional ingredient in
other products. Utilizing waste in entrepreneurial products can indirectly improve students'
creativity in processing waste into useful products.

Making chemical entrepreneurial products from natural materials using the CBPL learning
model can be called a Chem-preneurship Based Project Learning. The syntax of this learning
model is the same as the syntax of the Project-based Learning model. Only the projects
produced are more specific to chemistry-based entrepreneurial projects and are carried out in
groups. Chem-preneurship Based Project Learning is contextual chemistry learning that allows
students to easily understand the material presented. Students also gain experience in pro-
cessing a natural material into a product that has a sales value in society (Jamilah & Kamaludin,
2019). In addition, CBPL can improve the quality of learning on certain materials and make
students proficient at creating a product and buying and selling it (Ishak et al., 2021).

The process of making products in CBPL encourages students to be creative and look for
ideas for making products that have economic value from natural materials or unused waste.
Project-based Chem-preneurship Learning also trains students to communicate, create pro-
ducts, and market (Prayitno et al., 2020). Furthermore, CBPL can enhance students' entrepre-
neurial potential as well as provide innovative solutions for sustainable development (Garcia-
Gonzalez & Ramirez-Montoya, 2021). Based on this, CBPL is the right learning to equip students
to compete in the 21st century. This research aims to determine the effectiveness of the
Project-based Chem-preneurship Learning approach on students' creative thinking skills.

METHODS

This research aims to determine the effectiveness of the CBPL model on students' creativity.
The population in this study was 68 students of the 3rd-semester Chemistry study program.
The sample in this study was 24 Chemistry 3A students. This research uses observation
techniques with an instrument for collecting observation sheets. This type of research is quasi-
experimental with a one-group pretest-posttest design. The observation sheet instrument is
prepared with reference to indicators of creative thinking skills, which include fluency, flexibility,
originality, and elaboration. The data analysis used was the Wilcoxon non-parametric statistical
test, which compared students' creative thinking skills scores before and after learning using
the Project-based Chem-preneurship learning model. The category of enhanced creative
thinking skills is calculated using the N-gain score.

RESULTS AND DISCUSSION

Creativity is a person's creative thinking, expertise, and skills based on their experience and
qualifications (Shafi et al., 2020). A creative person can share new and useful ideas to make the
changes needed to produce something. Greenstein (2012) defines creativity as creating
something new through imaginative skills. Creativity indicators consist of Curiosity, Fluency,
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Originality, Elaboration, Imagination, and Flexibility (Greenstein, 2012). The scope of these six
indicators is presented in detail in Table 1.

Table 1. Indicator of Creativity

Indicator Scope
Curiosity probing, asking questions, and looking for more understanding
Fluency generation of several concepts
Originality concepts that are original, new, distinct, or unusual
Elaboration concepts that exhibit intricate detail or enhance already-existing detail
Imagination create, come up with, or invent novel concepts or goods
Flexibility concepts that illustrate a range of options

Guilford (1966) describes the four characteristics of creativity. These four characteristics are
described in Table 2.

Table 2. Guilford's four creativity characteristics. Characteristics

Characteristic Description
Fluency People may come up with a lot of ideas and respond quickly when faced with
challenges. The quantity of replies, the quality of the correlation between answers,
and the time taken to conceive the concept or provide the answer are all
indicators of fluency.

Originality Being original involves having the ability to come up with unique or uncommon
concepts while also considering their viability.

Flexibility When faced with challenges, individuals possess the adaptability to shift their
perspective and tackle the issue through multiple methods.

Elaboration Elaboration is the ability to think carefully or to improve and polish the details.

In this study, student creativity was measured using four of the six creativity indicators
(Greenstein, 2012): fluency, flexibility, originality, and elaboration. The detailed description of
these indicators is presented in Table 3.

Table 3. Indicators and Sub-Indicators of Creativity

Indi rs of i
dicators o Sub Indicator

Creativity
Fluency a. sparklots of ideas, lots of answers, lots of problem-solving, lots of questions
smoothly.

b. Provides many ways or suggestions for doing various things;

Flexibility a. generates varied ideas, answers, or questions.
b. See a problem from different points of view.
¢. Look for many alternatives or different directions.
d. Able to change the way of approaching or thinking.

Originality a. able to enrich and develop an idea or product.
b. Adding or detailing the details of an object, idea, or situation so that it

becomes more interesting.
Elaboration a. able to give birth to new and unique expressions.
b. Think of unconventional ways.
c. Able to create unusual combinations from its parts.

The sub-indicators (Table 3) are then explained in detail in the form of validated statements
and then used to obtain pre-test and post-test data on student creativity. Student creativity
score data before and after learning is presented in Figure 3.
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This research was analyzed using non-parametric analysis techniques. The non-parametric
analysis used in this study was the Wilcoxon test. The Wilcoxon test results obtained a sig score
<0.05. This means there are differences in students' creative thinking skills before and after the
Project-based Chem-preneurship project learning activities. The results of the Wilcoxon test
data on students' creative thinking skills are presented in detail in Table 4.

Table 4. Wilcoxon Creativity Test Results

Sum of Squares df Mean Square F Sig.
Between Groups 6629.350 1 6629.350 40.285 0.000
Within Groups 7569.810 46 164.561
Total 14199.160 47

The N-gain score obtained was 0.56. This means that the increase in students' creativity after
implementing CBPL is in the medium category. The detailed increase in students' creativity
scores is presented in Table 5.

Table 5. Increasing Student Creativity

Creativity Score

oo
Lowest Highest Average gain Category

Pretest 28.10 9530 58.83 _

Posttest 68.80 100.00 82.34 0.56 Medium

The average pre-test and post-test scores of students' creativity in CBPL are presented in
Figure 4.
H Pretest = Postest
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Figure 4. Average Pre-test and Post-test Scores for Creativity

CBPL is a learning project based on chemical entrepreneurship. CBPL emphasizes that
students identify problems in the environment and find solutions to overcome these problems
by making chemical entrepreneurial products. Some examples of products made by students
in CBPL learning are shoe-washing soap from lerak fruit waste and shrimp shells, soap made
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from blood cockle shell waste and seaweed, and renjana perfume from orange peel waste and
jasmine flower extract. These business opportunity ideas are obtained by students from the
results of observations they have made previously so that students can creatively identify
entrepreneurial opportunities based on existing problems.

The CBPL stages carried out in this research modify the project-based learning stages. The
CBPL stages consist of problem presentation, observation, planning, scheduling, assessment,
and evaluation. The stages of learning activities carried out are described in Table 6.

Table 6. CBPL Syntax and Learning Activities

CBPL Stages

Learning Activities

1. Presentation of the Problem

2. Observation

3. Planning

4. Scheduling

5. Creation of chemical
entrepreneurship projects
and monitoring

6. Assessment

7. Evaluation

lecturers ask basic questions related to problems in life, such as
problems regarding waste and fossil fuels, and other questions
related to real conditions in life.

Students provide solutions/answers to solve contextually asked
problems.

students  make  observations  regarding  chemical
entrepreneurial opportunities related to the problems that
have been raised. Observations were carried out in groups.
based on the solutions and observation results, students are
invited to discuss in groups to develop a plan for creating a
chemical entrepreneurship project.

students determine the type of chemical entrepreneurship
project.

students design a schedule for completing the chemical
entrepreneurship project by paying attention to the
predetermined time limit.

schedule is consulted with the lecturer.

students' work on chemical entrepreneurship projects, starting
from the production process to the product packaging process.
lecturers monitor the progress of student projects and provide
input/direction regarding products made by students.
students discuss the feasibility of the project they have created
in front of the class.

students make offers or market the chemical entrepreneurship
products that have been created.

students collect work reports on chemical entrepreneurship
projects.

lecturers assess the activities carried out by students. In this
research, the assessment focused on students' creativity in
assembling ideas into products with economic value and
students' creativity in packaging products.

lecturers provide opportunities for students to reflect and
evaluate the learning process that has been carried out.

Research data analysis, as shown in Table 4, shows that the significance value is <0.05. This
means that student creativity has increased after learning the CBPL model. The results of this
study are in accordance with the research results of (Biazus & Mahtari, 2022; Misrochah, 2021;
Rizkasari et al., 2022; Ruwanda & Andriana, 2023; Setiawan et al., 2021), concludes that project-
based learning can increase student creativity. Project-based learning helps students discover
new concepts and experiences and increases their creativity in solving problems in groups
through collaboration, making it meaningful learning (Rizkasari et al., 2022). CBPL learning
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invites students to think fluently, flexibly, originally, and elaborately to solve the problems they
face. In CBPL learning, students are encouraged to find solutions to problems through creating
chemical entrepreneurship projects. Not only that, students are also encouraged to package
the products resulting from their project work and then market them or sell them to the public.

The CBPL model can improve students' skills and creativity in creating work (Prajoko et al.,
2023; Sari & Angreni, 2018). Project-based learning provides opportunities for students to
acquire skills using the principle of learning by doing (Sari & Angreni, 2018). This is in line with
Saefudin (2012), who states that project-based learning allows students to research, plan, de-
sign, and reflect on project creation. R. Mursid et al. (2022) believe that project-based learning
can improve learning outcomes and help students improve their quality of life, increase know-
ledge, solve social problems, develop talents and interests, and familiarize them with adapting
to scientific developments. Project-based learning allows students to solve various problems
they face (Lince, 2016), so it can potentially train and increase students' creativity in their work
(Sari & Angreni, 2018).

CBPL is student-centered learning. Students are given the freedom to develop their
creativity in solving problems through entrepreneurial projects individually or in groups so that
learning becomes more enjoyable (Prayitno et al., 2024; Rizkasari et al., 2022). The CBPL model
involves students working on complex problem-based tasks based on learning material and
connecting them to the surrounding context. Students are given the opportunity to make
observations, surveys, or analyze problems in groups (Yanti & Novaliyosi, 2023). In the CBPL
learning process, students are encouraged to actively ask, investigate, explain, and interact with
the problems given. The results of the investigations carried out by students will be produced
in the form of products, which will then be presented (Oktaya & Panggabean, 2022).

Aspects of student creativity have increased quite significantly. The highest increase in the
creativity aspect was in the elaboration aspect, with an N-gain score of 0.62, followed
respectively by the aspects of originality (0.58), fluency (0.55), and flexibility (0.52). The increase
in each aspect of creativity shows that the CBPL model is a learning model that invites students
to think divergently. The CBPL model not only focuses on the final result but also emphasizes
how students creatively solve a problem by creating chemistry-based entrepreneurial projects.
The CBPL model is an innovative, student-centered learning model that places the teacher as
a motivator and facilitator (Prayitno et al., 2024). Students are given the opportunity to work
autonomously to construct their learning. In CBPL learning, students identify and look for
solutions to solve problems. Solving these problems motivates students to be more creative,
thus making learning more meaningful (Surya et al.,, 2018).

The results of the creativity N-gain analysis obtained a score of 0.56 in the medium category.
This means that student creativity can still be improved through developing or integrating
project-based learning models with other learning models. Zulyusri et al. (2023) suggest that
the project-based learning model has a higher level of critical and creative thinking. This is
because project-based learning syntax can stimulate students to actively participate in learning
activities to maximize knowledge and critical and creative thinking skills. Purwanti et al. (2022)
suggest that project-based learning has several advantages, including (a) increasing student
motivation and skills to complete important tasks, (b) increasing student activity in solving
complex problems, (c) applying ergonomic, hygienic, precise, fast principles, and metacognitive
in handling creative media and materials, as well as (d) producing works that are ready to use
and can be used in life. Based on the description stated above, choosing the right learning
model is very important. The learning model determines learning outcomes and the level of
student creativity in applying the concepts that have been presented.
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CONCLUSION

Based on the description that has been presented in the research results and discussion, it
can be concluded that the CBPL model is effective in developing student creativity. The average
score for each student's creativity increased after CBPL learning activities were carried out. All
aspects of creativity have increased after learning CBPL. The aspect of creativity that experien-
ced the highest increase was the elaboration aspect. This means that students can create
unique and new products through different methods in general and create unusual combina-
tions in product development. The results of the N-gain analysis in the fluency aspect were
0.55, flexibility was 0.52, originality was 0.58, and elaboration was 0.62 with a moderate increase
category. The results of the Wilcoxon test on student creativity obtained sig < 0.05, meaning
there are differences in student creativity before and after implementing CBPL learning. Based
on this, the CBPL model can be implemented in lecture activities to make it possible to apply
the model.
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